and collaboration (Savery & Duffy, 1996) . The PBL method of instruction focuses on several of the expected outcomes of undergraduate education-particularly the skills to critically think (Duch et al., 2001 ). This review article evaluates evidence for whether PBL is an effective instructional method to improve critical thinking in nursing students compared to more traditional forms of education.
METHOD
Keywords to guide the literature search were identified through the formulation of a PICO (Population, Intervention, Comparison, and Outcome) question (Melnyk & Fineout-Overholt, 2005) related to critical thinking in nursing students and PBL. The PICO question guiding the evidence search was: "In prelicensure nursing students in the clinical setting (P), does the use of problem-based learning (I) versus the traditional model of clinical nursing education (C) improve critical thinking (O)?" The literature search included the keywords nursing, problembased learning, and critical thinking.
To identify all available evidence, any studies using a PBL approach and evaluating critical thinking as an outcome were considered (randomized and nonrandomized controlled trials, and quasi-experimental, qualitative, and descriptive studies). CINAHL, ERIC, PsychInfo, and PubMed databases were searched for pertinent research using PBL to improve critical thinking in nursing students, which yielded 61, 5, 8, and 143 articles, respectively. A systematic review including studies using PBL as an intervention between 1999 and 2006 was found (Yuan, Williams, & Fan, 2008) , therefore, only studies using PBL as an intervention, evaluating critical thinking as an outcome, and published after 2006 were considered in addition to the systematic review. A second search for articles from 1999 to 2006 using the keywords from did not identify any additional studies not included in their review. These parameters revealed an additional four studies: two quasi-experimental studies, an experimental pre-and posttreatment comparative design study, and a descriptive analytic study. One study from the systematic review by was also included. The findings of these studies are summarized in Table 1 .
RESULTS
The systematic review and the four studies included in this current review were critically appraised, with key information and notes on relative strengths and weaknesses entered into Table 1 .
The first study evaluated, the systematic review of evidence by , suggested that there is a lack of strong evidence to support the assumption that PBL improves critical thinking in nursing students. In this review, articles were identified by searching the CINAHL, Proquest, Cochrane Library, PubMed, Medline, Science Direct, OVID, and Chinese Journal Full-Text databases between 1990 and 2006. Keywords that guided the search were problem-based learning, critical thinking, nursing, and effect. All randomized and nonrandomized controlled trials, uncontrolled quasi-experimental studies, qualitative studies, and descriptive studies were considered if PBL was used as an intervention and critical thinking was evaluated as an outcome. Two reviewers critiqued 296 studies for eligibility (noting strengths and weakness of the studies) and methodological quality.
A total of 10 articles were selected based on the highest level of evidence and the quality of controlled trials. Of the 10 studies retrieved, most were descriptive (n = 6) and there was only one randomized controlled trial. Although most of the studies indicated a positive relationship between using PBL and improved critical thinking, the following conditions were noted that may have limited ability to make strong claims of evidence for efficacy of PBL on critical thinking across studies: the majority of studies involved the use of PBL in only one of many courses, there were several different definitions of critical thinking, and there were several different measures of critical thinking. This inconsistency across studies, coupled with a lack of studies with true experimental designs, suggests that current robust evidence about the effects of PBL on nursing students' critical thinking is limited. concluded that in theory, the use of PBL may promote critical thinking in nursing students; however, the findings of their systematic review did not provide supportive evidence. However, when considering the results of the one randomized controlled trial from this systematic review (Tiwari, Lai, So, & Yuen, 2006) , there is an indication of initial valid evidence for effects on critical thinking within the narrow context of a classroom setting for first-year nursing students. Tiwari et al. (2006) examined the effects of PBL on nursing students' critical thinking in a randomized controlled trial with first-year nursing students at a university in Hong Kong. Students were randomly assigned to a PBL group (n = 40) or lecture group (n = 39). Participants in the PBL group received course content using PBL as the educational approach, whereas the lecture group received the same course content using lectures as the educational approach. Both groups received either the experimental or control intervention for 28 weeks throughout two semesters. The PBL group participated in tutorials consisting of cases based on real patients that used patient information to trigger group discussions facilitated by the instructor. The lecture group received the majority of class content in an uninterrupted lecture presented by the instructor. Students in the PBL group scored significantly higher on the California Critical Thinking Disposition Inventory than students in the lecture group.
Two quasi-experimental studies and a descriptive analytic study that involved the use of PBL with nursing students (Jones, 2008; Ozturk, Muslu, & Dicle, 2008; Yuan, Kunavikitkul, Klunklin, & Williams, 2008 ) also indicated a positive relationship between the use of PBL and nursing students' critical thinking ability. Yuan, Kunavikitkul, et al. (2008) equally and randomly assigned 46 undergraduate nursing students to either an experimental PBL group (n = 23) or lecture control group (n = 23). Students in the PBL group did small-group work with five learning packages for a total of 36 hours (2 hours per week for 18 weeks). Each learning package consisted of a core concept map, learning goals, scenario, and trigger questions. The PBL process involved group clarification, brainstorming, selfdirected learning, group discussion, and care planning.
OJA
The control intervention was a lecture approach. Teachers verbally and directly transmitted course content to the students during 36 hours (2 hours per week for 18 weeks). Students passively received, rather than actively searched for, information. Class participation was limited. Using the California Critical Thinking Skills Test as an outcome measure, the PBL students had significantly greater improvement on posttest critical thinking scores than students in the control class lectures. Jones (2008) also found that students in a PBL intervention group demonstrated a highly significant increase in critical thinking compared with the control group. Students in the PBL group (n = 30) were verbally told about PBL strategies and the objectives of PBL during the third week of a maternal-newborn clinical rotation. A problem was presented based on an actual patient in the clinical setting, and students were given an hour to work on the problem in groups. In addition, students kept reflec- Similarly, a descriptive analytic study by Ozturk et al. (2008) that explored the critical thinking dispositions of nursing students found significant results in favor of the PBL group (n = 52) compared to the control group (n = 95). Students in the PBL group worked with peers in small groups to identify learning goals, then engaged in self-study and returned to discuss and apply new learning, whereas students in the control group were offered ready-made information in lecture format with limited incentive to stimulate their thinking processes.
A fifth study by Lyons (2008) did not show any observable difference in critical thinking when PBL was used as an intervention. Students were randomly assigned to control (n = 27) and treatment (n = 27) groups for a National Council Licensure Examination for Registered Nurses (NCLEX-RN ® ) review course. The control group received the review course information in a lecture format, whereas the treatment group received the same course information via PBL-based learning scenarios. Participants were final-semester nursing students who volun- tarily enrolled in the review course toward the end of the nursing program. The course was taken in conjunction with the students' required coursework and during the time of final examinations. Thus, the characteristics of the sample and setting could have had an effect on the study's outcomes. For example, fourthsemester nursing students may already have increased critical thinking ability at the end of their program, students who were motivated to take the voluntary review course may have had higher critical thinking ability than their classmates who chose not to take the course, or taking the review course concurrently with required coursework and examinations caused the students to focus less on the review course.
DISCUSSION
Since the most recent review in 2008, the body of literature regarding the effects of PBL on critical thinking has grown, with more definitive findings from stronger study designs yielding more evidence. With one randomized controlled trial, three quasi-experimental designs using randomization in the field setting (all with control groups, some randomly assigned), and additional studies with similar results, there is only one study (Lyons, 2008) that did not find a significant effect for PBL, and most effect sizes are large for those that show positive results. As discussed, there may be a number of threats to validity in this one outlier study not present in other studies.
Although sample sizes were small (ranging from 46 to 147 participants), there was similarity among participants within each of the studies, strengthening the ability to draw conclusions about that particular population of students. On the other hand, the level of nursing students in each study sample varied greatly across studies, ranging from beginning to final-semester students, thus limiting the generalizability for any single study (although this may suggest that the potential for finding effects is good across the span of programs). Interventions only lasted for one course (within a single or two semesters), and yet effects were found with this minimal amount of time.
Interestingly, the content and methods of delivering PBL interventions differed among the studies, but all of the interventions involved the PBL components of real-world situations ("problems"), group learning, student-directed solutions of problems, and teacher as facilitator. However, a variety of other techniques were incorporated that included reflective journaling, case scenarios, and care planning. Using a variety of PBL techniques makes it difficult to compare the efficacy of the interventions across studies. Where the interventions took place (classroom and clinical settings) and how the interventions were delivered were not the same, again making it more difficult to combine the findings to make strong statements about 
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the effectiveness but providing more support for the generalizability across contexts. This evidence review also revealed a multitude of tools used to measure critical thinking, ranging from students' perceptions of a change in critical thinking to standardized tests such as the California Critical Thinking Skills Test. More studies used student perception as a measurement tool, thereby decreasing the validity and reliability of measurement. Two of the studies did not look at improved critical thinking as the sole outcome of PBL. The study conducted by Lyons (2008) measured the effects of PBL on NCLEX-RN examination scores in addition to critical thinking. Similarly, Jones' (2008) study that measured an additional outcome other than critical thinking had small effect sizes for critical thinking. Finally, a majority of the studies lacked any follow up on critical thinking beyond the intervention. A summary of this review and appraisal of evidence is included in Table 2 .
IMPLICATIONS FOR PRACTICE AND FUTURE RESEARCH
The findings of this evidence review reveal that there are only a small number of published rigorous studies that establish a clear relationship between PBL and improvement of critical thinking in prelicensure nursing students. Two of these studies suggest that PBL does improve critical thinking within the specific context of a classroom setting for beginning nursing students. One of the studies suggests that PBL improves critical thinking within the context of the clinical setting. Otherwise, the preponderance of studies found a positive relationship. However, the study designs had room for error in interpretation and threats to validity.
These findings bring us one step further along the past conclusions of the systematic review discussed above by on developing nursing students' critical thinking through PBL, suggesting that the evidence is growing. However, there is still a need for stronger study designs to establish evidence across contexts, examine critical elements of PBL, determine the length of time needed to show effects, and follow up to find what it takes to maintain the effects.
To broaden the evidence across a number of contexts, further rigorous testing of PBL with prelicensure nursing students in the clinical setting is still required. In future research, it will be especially important to address key limitations of past research identified in this evidence review: clarifying and standardizing the definition of critical thinking in nursing education, using validated measurement tools, examining different lengths of intervention, and continuing to examine outcomes in follow-up assessments after the intervention. A number of studies in this evidence review were small and nonrandomized, and only addressed nursing students in one class or during the course of one semester. In addition, critical thinking was never clearly defined 
